###### Strengths and limitations of this study

-   This study was the first to comprehensively investigate Carbohydrate Quality Index (CQI) and its relationship with general and abdominal obesity in Ghana.

-   The sample size was quite small.

-   The effects of eating behaviour, menopausal status, genetic variations and residual confounding were not addressed.

-   This was a cross-sectional study; the findings do not establish causality between CQI and obesity.

-   Self-reported dietary information may suffer from random and systematic errors, however, necessary precautions were taken during the data collection and analysis to avoid possible errors.

Introduction {#s1}
============

The incidence of obesity and overweight is increasing globally. If the present trends remain unchecked, 2.16 billion and 1.12 billion adults may become overweight and obese, respectively, by 2030.[@R1] Previously, a systematic review showed that about 43% of the adult population in Ghana suffer from either obesity or overweight.[@R3]

Positive associations have been suggested between total carbohydrate consumption and chance of obesity. However, the evidence is inconsistent.[@R4] A systematic review of observational studies concluded that a high-carbohydrate diet is not related to higher odds of obesity.[@R4] Furthermore, two cross-sectional studies from Africa reported mixed results.[@R5] However, these studies did not adjust for energy intake. In addition, this discrepancy may suggest that the association between obesity and carbohydrate nutrition might be better explained based on a broader evaluation of its quality.

The results from cross-sectional studies on either Glycaemic Index (GI), glycaemic load (GL), or both have found null,[@R7] positive[@R8] or inverse[@R10] relationships with obesity. These studies have controlled for confounding variables such as age, sex, region, education, total energy intake, smoking status, marital status, physical activity, breakfast skipping and home ownership. Information on the relationship between dietary GI, GL, total fibre and consumption of liquid carbohydrates in relation to obesity in Ghana is lacking. However, one cross-sectional study showed a positive association between the intake of refined carbohydrates and abdominal obesity.[@R11] In contrast, no significant association was found between consumption of polished cereals and grains and central obesity in Ghanaian adults.[@R12]

The mentioned studies are limited in their scope, because a single component cannot entirely represent the overall quality of carbohydrate nutrition. Therefore, broader criteria that incorporate several of these single components into a composite index could better represent the overall quality of dietary carbohydrate intake. A previous study[@R13] defined Carbohydrate Quality Index (CQI) by taking into account dietary fibre intake, GI, whole grains-to-total grains ratio and solid carbohydrate to total carbohydrates. The inverse association between CQI and obesity/overweight has been shown in one prospective study[@R14] and in a cross-sectional study in adults.[@R15] However, both of these studies assessed only general obesity based on body mass index (BMI) criteria. Abdominal obesity identification and its related dietary carbohydrate quality ought to be a priority.

As mentioned before, the prevalence of obesity is high in Ghana.[@R3] On the other hand, dietary carbohydrates provide almost 90% of the energy intake among the adult population in the country,[@R16] which implies that compare to fat and protein, the intake of carbohydrate may have a more prominent role in the health maintenance of the population. Therefore, identifying modifiable lifestyle risk factors such as CQI in a broader fashion might be more useful in obesity prevention and management. Hence, the purpose of this study was to determine the association between dietary CQI and chance of general and abdominal obesity among women in Tamale Metropolis, Ghana.

Methods and subjects {#s2}
====================

Study design and population {#s2-1}
---------------------------

This cross-sectional study was performed in adult women within Tamale Metropolis. All study data were collected over a 2-month (August/September 2018) period. The main objective of the study was to ascertain associations between CQI and general and abdominal obesity. The study included women within the ages of 18--59 years living in the study region for at least a year. Women with a previous history of any major illness such as myocardial infarction, renal disease or other major illnesses (diabetes, human immune deficiency virus, renal disease, cardiovascular diseases (CVD), malaria) were excluded from the study. Additionally, those who were experiencing persistent severe nausea with vomiting, pregnant and lactating mothers, and women on any special diet or diet therapy were also excluded from the study.

In order to calculate the required sample size, a correlation coefficient of 0.2 between CQI and anthropometric variables was hypothesised, and a confidence level of 95% and a power of test of 80% were considered. The sample size was initially calculated as 195 based on the formula for cross-sectional study designs proposed by Rosner.[@R17] To increase the power of the statistical results and to provide room for the non-response rate, 195 was multiplied by 1.5, and the total number of subjects of 295 was ultimately chosen. All study participants were randomly selected and consented to participate in the study.

Patient and public involvement {#s2-2}
------------------------------

This study included healthy women. Although they were not involved in the study design process, their recruitment and participation were based on their own will without any coercion. Study findings will be made public through publications and in seminars with health authorities within the region, which may help to inform nutrition policy formulation for the benefits of reducing the risk and prevalence of obesity in the country.

Dietary assessment and CQI calculation {#s2-3}
--------------------------------------

All dietary were collected using repeated but non-consecutive 2-day 24 hours dietary recalls. Real food items, food models and kitchen weighing equipment were used to guide participants in estimating portion sizes of food items consumed. A trained caterer (home science practitioner) conducted all interviews face to face using a three-stage multiple pass approach with quick listing, detail description and reviewing, and prompting for possibly forgotten food items. GI values were obtained from international tables.[@R18] Glucose was used as the reference (GI for glucose=100). The mean of the GI values was assigned if more than one eligible GI value was available for a specific food item. GI values assessed using healthy subjects were given preference. The GI for millet porridge was obtained from the University of Sydney GI database.[@R19] The GI of sorghum,[@R20] tuo-zaafi and banku[@R21] were obtained from the published articles. The carbohydrate content of foods consumed was determined using standard portion sizes from the United States Department of Agriculture food composition databases.[@R22] Mean daily values of dietary energy, fibre and total carbohydrates over the 2-day period were used in the analysis. Subjects who had average dietary energy intake levels outside the predefined minimum limit (\<500 kcal/day) and an upper limit (\>3500 kcal/day)[@R23] were excluded. After these exclusions, 277 complete datasets per person were used in the analysis to establish the relationship between CQI and obesity/overweight. The weighted daily dietary GIs were calculated using the suggested formula: Weighted GI=∑(carbohydrate content of food item (CHOi) × GIi/daily total food carbohydrate content; where CHOi is each food's carbohydrate content, GIi is each food's GI and GIi is the GI value for the food.[@R15] The GL value was calculated for each participant by multiplying the carbohydrate content in grams obtained from the portion of food consumed by the corresponding GI of that food divided by 100. The individual GL values for each food item were summed to derive the total daily GL consumed.[@R24] By definition, liquid carbohydrates were calculated as the sum of the carbohydrates from all sugar-sweetened beverages and fruit juices consumed, whereas solid carbohydrates were considered to be the carbohydrate content of the rest of the carbohydrate-based food items.[@R14]

CQI was computed based on the energy-adjusted amount of total carbohydrate intake values calculated using the residual method.[@R25] CQI was defined by summing up the following four criteria: ratio of solid carbohydrates to total carbohydrates, dietary fibre intake (g/day), GI and the ratio of whole grains to total grains (whole grains, refined grains and their products). For each of these four criteria, subjects were categorised into quintiles and received a value (ranging from 1 to 5) according to each quintile. However, the scoring of GI was reversed; thus, those in the fifth quintile received one point and those in the first quintile received five points. Finally, an overall CQI was computed by adding together all values of the four criteria (ranging from 4 to 20). It was also ranked into quintiles.[@R13]

Anthropometric assessment {#s2-4}
-------------------------

Weight was measured to the nearest 100 g using a Seca weighing scale (Seca and Co. KG; 22 089 Hamburg, Germany; Model: 874 1321009; designed in Germany; made in China). The UNICEF height board was used for height measurements, which were recorded to the nearest 0.1 cm. BMI was calculated as weight (in kilograms) divided by height (in metres squared). Normal weight was defined as BMI ≤24.9 kg/m^2^, and the presence of overweight and obesity as BMI=25--29.99 kg/m^2^ and ≥30 kg/m^2^, respectively.[@R26] Waist circumference (WC) was measured according to the guiding protocol of WHO, at the midpoint between the lower border of the rib cage and the iliac crest, using a non-stretchable fibre glass measuring tape[@R27] and classified according to the International Diabetes Federation criteria.[@R28] WC was recorded to the nearest 0.1 cm. Participants were dichotomised based on WC value ((normal: WC \<80 cm and abdominal obesity: WC ≥80 cm)). The Conicity Index (CoI) was calculated according to the equation defined by Valdez: CoI=WC (m)/\[0.109×√\[(weight (kg)/height (m)\].[@R29] Participants were classified into two groups (normal: CoI \<1.18 and abdominal obesity: CoI ≥1.18).[@R30] The waist-to-height ratio (WHtR) was defined as the WC divided by the measured height. WHtR ≥0.5 was adopted for the presence of overweight and abdominal obesity for the purpose of uniformity regarding age differences.[@R31]

Assessment of demographic and lifestyle factors {#s2-5}
-----------------------------------------------

Face-to-face interviews were conducted using a structured questionnaire to collect information about demographic and lifestyle factors such as age, educational status, marital status, occupation, household size, household assets, parity and physical activity ([online supplementary file](#SP1){ref-type="supplementary-material"}). For the purposes of this study, a composite score was estimated for each respondent as a reflection of the value of household assets owned. Physical activity levels of the participants were measured using the International Physical Activity Questionnaire short form.[@R32] Specifically, questions asked the time and number of days within the previous week each person spent on walking and on doing moderate-intensity and vigorous-intensity activities. Total physical activity in metabolic equivalent (MET) was determined by adding the total walking, total moderate and total vigorous activities in MET-minutes/week score units.
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Statistical analysis {#s2-6}
--------------------

To ensure the compliance of data suitability with the chosen analytical techniques, the Kolmogorov-Smirnov test was used to evaluate the normality of the data. Physical activity was found to be positively skewed, so it was natural log transformed before it was used in the regression models.

Energy-adjusted dietary CQI was used to classify participants into quintiles. The general characteristics of participants across CQI quintiles were expressed as means±SDs for all continuous variables and percentages and simple counts for those that were categorical. To assess the differences across CQI quintiles, analysis of variance (ANOVA) was used for continuous variables and a chi-square test was used for categorical variables. The means of BMI, WC, WHtR, and CoI across the quintiles of CQI were compared using ANOVA and analysis of covariance. Binary logistic regression was also used to determine ORs and 95% CIs for the presence of general and abdominal obesity across CQI quintiles in unadjusted and multivariable adjusted models. The possible effects of all variables that showed a significant relationship with CQI or the tendency to influence the chances of obesity or overweight were adjusted. In this context, age, energy intake, respondent education, husband's education, physical activity and ethnicity were entered into the adjusted regression models. All statistical analyses were done using IBM Statistical Package for Social Sciences (V.24; SPSS Inc.), and p\<0.05 was considered statistically significant.

Results {#s3}
=======

The general characteristics of the women according to the quintiles (Q) of CQI are provided in [table 1](#T1){ref-type="table"}. The prevalence of overweight, general obesity determined by BMI and abdominal obesity using WC was 9.4%, 22.7% and 32.5%, respectively. The prevalence of high WHtR and high CoI was 39.4% and 45.5%, respectively. The results also revealed that in moving from the lowest to the highest CQI quintiles, participants tended to be older (for trend, p=0.04). Dagomba women had higher CQI values compared with the minority (p=0.04). Higher consumption rates of total fibre (for trend, p\<0.001), solid carbohydrate (CHO)/total CHO ratio (for trend, p\<0.001), and whole grain-to-total grain ratio (for trend, p\<0.001) were directly associated with higher values of dietary CQI. In contrast, CQI was inversely associated with weighted daily dietary GI (for trend, p=0.004). However, higher values of CQI were significantly associated with a higher intake of total energy (for trend, p\<0.001) and total carbohydrates (for trend, p\<0.001). There was no significant association between dietary GL and CQI (for trend, p=0.8).

###### 

Characteristic of study participants according to quintiles (q) of Carbohydrate Quality Index (CQI)

  Variables                                          CQI            P trend                                                               
  -------------------------------------------------- -------------- -------------- -------------- -------------- -------------- --------- ---------
  Age (years)                                        35.9±12.3      32.7±10.4      34.6±10.3      36.4±10.8      39.0±11.6      0.06      0.04
  Parity                                             3.3±2.5        3.0±2.0        2.9±2.1        3.1±1.9        3.5±2.0        0.7       0.6
  Household size                                     11.1±5.8       9.6±5.7        9.2±4.5        10.5±5.9       11.9±7.5       0.2       0.3
  Asset score\*                                      54.1±4.8       53.7±4.9       53.2±4.1       52.8±3.1       52.8±3.9       0.4       0.06
  Energy intake (kcal/day)                           1744.3±637.3   1865.8±554.2   2294.0±721.6   2386.6±650.2   2024.9±649.5   \<0.001   \<0.001
  Protein (g/day)                                    48.3±19.5      48.0±17.7      52.3±16.8      56.5±17.1      49.5±22.7      0.047     0.2
  Fat (g/day)                                        16.6±5.8       15.0±5.9       12.3±3.6       12.9±4.3       13.2±4.6       \<0.001   \<0.001
  Total CHO (g/day)                                  198.7±68.2     250.3±97.4     338.0±135.9    351.6±133.8    308.9±102.9    \<0.001   \<0.001
  Glycaemic Index                                    66.3±3.1       65.0±4.6       63.3±5.3       63.5±4.8       63.5±5.9       0.004     0.004
  Solid CHO (g/day)/total CHO (g/day) ratio          0.900±0.046    0.944±0.037    0.941±0.027    0.948±0.033    0.967±0.0190   \<0.001   \<0.001
  Total fibre (g/day)                                17.3±3.6       18.6±3.8       18.4±6.6       20.1±5.3       25.5±8.4       \<0.001   \<0.001
  Whole grain (g/day) to total grain (g/day) ratio   0.003±0.038    0.004±0.034    0.069±0.110    0.089±0.139    0.191±0.166    \<0.001   \<0.001
  Glycaemic load (g/day)                             279.7±21.4     278.6±27.9     278.3±23.9     278.6±29.7     281.3±30.5     0.9       0.8
  Physical activity†                                                                                                                      
   Low (\<600 MET-minuts/week)                       10 (16.9)      10 (16.9)      15 (25.4)      14 (23.7)      10 (16.9)      0.2       (-)
   Moderate (≥600 but \<3000 MET-minutes/week)       35 (22.4)      33 (21.2)      20 (12.8)      46 (29.5)      22 (14.1)                
   High (≥3000 MET-minuts/weeks)                     8 (12.9)       14 (22.6)      7 (11.3)       19 (30.6)      14 (22.6)                
  Ethnicity                                                                                                      (-)                      
   Dagomba                                           43 (19.5)      37 (16.8)      35 (15.9)      65 (29.5)      40 (18.2)      0.04      (-)
   Minority‡                                         10 (17.5)      20 (35.1)      7 (12.3)       14 (24.6)      6 (10.5)                 
  Marital Status                                                                                                                          
   Single                                            6 (20.0)       9 (30.0)       4 (13.3)       7 (23.3)       4 (13.3)                 
   Married                                           47 (19.0)      48 (19.4)      38 (15.4)      72 (29.1)      42 (17.0)      0.7       (-)
  Woman Education                                                                                                                         
   No formal education                               32 (19.3)      29 (17.5)      20 (12.0)      51 (30.7)      34 (20.5)                
   Primary/middle/JHS                                10 (17.5)      12 (21.1)      12 (21.1)      16 (28.1)      7 (12.3)       0.2       (-)
   SHS/tertiary                                      11 (20.4)      16 (29.6)      10 (18.5)      12 (22.2)      5 (9.3)                  
  Husband education                                                                                                                       
   No formal education                               25 (19.2)      23 (17.7)      20 (15.4)      37 (28.5)      25 (19.2)      0.4       (-)
   Primary/middle/JHS                                7 (11.7)       12 (20.0)      9 (15.0)       20 (33.3)      12 (20.0)                
   SHS/tertiary                                      16 (28.1)      13 (22.8)      9 (15.8)       14 (24.6)      5 (8.8)                  
  Occupation of woman                                                                                                                     
   Farmer                                            8 (19.0)       11 (26.2)      6 (14.3)       8 (19.0)       9 (21.4)                 
   Trader                                            26 (17.1)      33 (21.7)      18 (11.8)      54 (35.5)      21 (13.8)      0.09      (-)
   Salary/service sector                             6 (19.4)       3 (9.7)        10 (32.3)      5 (16.1)       7 (22.6)                 
   Housewife                                         13 (25.0)      10 (19.2)      8 (15.4)       12 (23.1)      9 (17.3)                 
  Occupation of husband                                                                                                                   
   Farmer                                            19 (21.6)      14 (15.9)      13 (14.8)      22 (25.0)      20 (22.7)      0.2       (-)
   Salary/service sector                             15 (20.3)      17 (23.0)      16 (21.6)      18 (24.3)      8 (10.8)                 
   Trader                                            13 (15.3)      17 (20.0)      9 (10.6)       32 (37.6)      14 (16.5)                

Data are presented as mean±SD and number (%).

\*An ad hoc index of household asset score was computed from basically number of assets possessed from a list of items provided. A score of 1 point was given for an item owned. As for the main source of cooking energy, drinking water and toilet facility, 1 point was given for unimproved source and two points awarded for improved sources. The total score range was from 37 to 74 with higher scores suggesting enhanced economic strength.

†Low (\<600 MET-minuts/week); moderate (≥600 but \<3000 MET-minutes/week); high (≥3000 MET-minuts/weeks), p value; obtained by the use of ANOVA or the χ2 test. P\<0.05 was considered as statistically significant, p trend; Test of trend was conducted using ANOVA with contrast function.

‡Gonja, gurusi, zambarama, Moshi.

(-), not calculated; ANOVA, analysis of variance; CHO, carbohydrates; JHS, junior high school; SHS, senior high school.

The anthropometric measures according to Q of CQI are presented in [table 2](#T2){ref-type="table"}. According to the results, moving from Q1 to Q5 was significantly associated with lower values in BMI, WC and WHtR (for trend, p\<0.001). There was no significant association between CQI and CoI (for trend, p=0.5). These associations remained unchanged even after adjusting for age, energy intake, woman's education and her husband's education, physical activity and ethnicity.

###### 

Anthropometric measures according to quintiles (q) of Carbohydrate Quality Index (CQI)

  Variables       CQI                                                                                                                
  --------------- -------------------- -------------------- -------------------- -------------------- -------------------- --------- ---------
  BMI (kg/m^2^)   25.6±5.2             23.9±4.2             25.1±5.2             22.0±4.0             22.1±3.8             \<0.001   \<0.001
  WC (cm)         81.1±11.7            77.1±9.8             81.5±12.3            75.1±9.2             75.1±8.9             0.002     \<0.001
  WHtR            0.51±0.07            0.48±0.06            0.51±0.08            0.47±0.06            0.47±0.06            0.001     \<0.001
  CoI             **1.17±** **0.07**   **1.15±** **0.08**   **1.18±** **0.10**   **1.16±** **0.07**   **1.16±** **0.07**   **0.9**   **0.5**

Data are presented as mean±SD; p trend1; unadjusted, significance level of test for trend relationship using ANOVA with contrast function; p trend2; Significance level of test for trend association in linear regression model with adjustment for age, energy intake (kcal/day), both of respondent and husband's education, physical activity and ethnicity. To analyse these linear trends, the median value of CQI was imputed for each quintile and the new variable was treated as a continuous variable in linear regression model. P\<0.05 was considered statistically significant.

ANOVA, analysis of variance; BMI, body mass index; CoI, Conicity Index; WC, waist circumference; WHtR, waist-to-height ratio.

Unadjusted and adjusted ORs and 95% CIs for obesity and overweight across Q of CQI are provided in [table 3](#T3){ref-type="table"}. According to the results, moving from Q1 to Q5 was significantly associated with a lower chance of general obesity (OR 0.23, 95% CI 0.10 to 0.56; for trend, p\<0.001), abdominal obesity using WC as a proxy (OR 0.22, 95% CI 0.09 to 0.54; for trend, p\<0.001) and higher WHtR (OR 0.26, 95% CI 0.11 to 0.60; for trend, p\<0.001). There was no significant association between CQI and CoI (OR 0.85, 95% CI 0.38 to 1.89; for trend, p=0.9) (model 1). These relationships were found to remain unchanged even after adjustment for age, energy intake, both respondent and husband's education, physical activity and ethnicity (model 2).

###### 

OR (95% CI) of obesity and overweight according to quintiles (q) of Carbohydrate Quality Index (CQI)

  Obesity and overweight measures   CQI    P trend‡                                                                                          
  --------------------------------- ------ ---------- -------------- --------- -------------- --------- -------------- ------ -------------- --
  BMI                                                                                                                                        
  Model 1                           1.00   0.38       0.18 to 0.83   0.75      0.33 to 1.69   0.15      0.07 to 0.34   0.23   0.10 to 0.56   
  P value†                                 0.01       0.5            \<0.001   0.001          \<0.001                                        
  Model 2                           1.00   0.42       0.18 to 0.97   1.01      0.41 to 2.47   0.15      0.06 to 0.36   0.25   0.10 to 0.65   
  P value†                                 0.04       0.9            \<0.001   0.004          \<0.001                                        
  WC                                                                                                                                         
  Model 1                           1.00   0.41       0.19 to 0.90   0.74      0.33 to 1.66   0.23      0.11 to 0.49   0.22   0.09 to 0.54   
  P value†                                 0.02       0.5            \<0.001   0.001          \<0.001                                        
  Model 2                           1.00   0.46       0.19 to 1.07   1.02      0.41 to 2.52   0.23      0.10 to 0.52   0.22   0.08 to 0.58   
  P value†                                 0.07       0.9            \<0.001   0.002          0.001                                          
  WHtR                                                                                                                                       
  Model 1                           1.00   0.44       0.21 to 0.95   0.66      0.29 to 1.49   0.22      0.11 to 0.47   0.26   0.11 to 0.60   
  P value†                                 0.03       0.3            \<0.001   0.002          \<0.001                                        
  Model 2                           1.00   0.50       0.22 to 1.18   0.90      0.36 to 2.25   0.23      0.10 to 0.51   0.27   0.11 to 0.69   
  P value†                                 0.1        0.8            \<0.001   0.006          0.001                                          
  CoI                                                                                                                                        
  Model 1                           1.00   1.01       0.48 to 2.15   1.33      0.59 to 2.99   0.96      0.48 to 1.94   0.85   0.38 to 1.89   
  P value†                                 0.9        0.4            0.9       0.7            0.7                                            
  Model 2                           1.00   1.15       0.52 to 2.54   1.60      0.68 to 3.76   0.99      0.47 to 2.10   0.88   0.38 to 2.02   
  P value†                                 0.7        0.3            0.9       0.7            0.8                                            

Model 1: unadjusted; model 2: adjusted for age, energy intake (kcal/day), both of respondent and husband's education, physical activity and ethnicity. P‡ trend; tests of linear trend across increasing quintiles of CQI were calculated for the models assessing chance of overweight/obesity as measured by body mass index, WC, WC to height ratio and CoI. To analyse these linear trends, the median value of CQI was imputed for each quintile and the new variable was treated as a continuous variable. All tests statistics are considered significant for p\<0.05.

\*Q1 considered as reference and other four quintiles compared with this quintile.

†Statistical significance level. General obesity and overweight by BMI: 25 and above (kg/m^2^); (yes/no), abdominal obesity measures: high WC ≥80 cm; (yes/no), high CoI ≥1.18; (yes/no), WHtR ≥0.5; (yes/no).

BMI, body mass index; CoI, Conicity Index; WC, waist circumference; WHtR, waist-to-height ratio.

Furthermore, the results revealed a higher OR for general obesity in Q3 than in Q2. Also, the OR in Q5 was higher than the OR in Q4.

Discussion {#s4}
==========

The present study examined the relationship between dietary CQI and odds of general and abdominal obesity in women. The findings suggest that after adjustment for age, energy intake, both respondent and husband's education, physical activity and ethnicity, the consumption of diets with high CQI levels may be associated with a lower chance for both general and abdominal obesity.

Previously, a study showed that Ghanaian women received 86% of their energy intake from carbohydrates, especially refined grain products,[@R16] which are mainly high GI.[@R21] In most sub-Saharan African populations, the increased consumption of added sugars and diets low in fibre have been found, concurrent with increasing trends of obesity.[@R33] Data on the relationships between dietary GI, GL, total fibre and consumption of liquid carbohydrates and obesity in Africa are scarce.[@R5] In a cross-sectional study in Egypt, the mean total fibre intake was significantly higher in non-obese individuals than in those who were overweight/obese.[@R6] Basu *et al* [@R34] analysed data from 75 countries including some in Africa and found that consumption of sugar-sweetened beverages was on the rise, which showed a positive association with a high chance of obesity. In another cross-sectional study, the intake of refined food items high in carbohydrate content, such as starchy roots and tubers, showed a positive association with a higher chance of abdominal obesity in Ghanaian University students.[@R11]

The inverse association between dietary CQI and general obesity in the present study is in line with the results of a large cross-sectional study in South Korea[@R15] and a cohort study from Spain in university graduates.[@R14] However, unlike the present study, these two earlier studies determined obesity using only BMI. Their findings might have been more important for the prevention of chronic diseases if they had also evaluated the extent of the association between dietary CQI and abdominal obesity, because abdominal obesity has a greater capacity to identify persons at increased risk of metabolic disorders than general obesity.[@R35]

There is evidence indicating that the individual components of CQI, such as high intake of fibre, greater intake of whole grains, higher intake of solid carbohydrates and consumption of diets low in GI, may help to reduce the chance of obesity and overweight. In a cross-sectional study, higher dietary GI was significantly associated with increased chance of obesity.[@R37] Such positive associations between dietary GI and both general and central obesity in British adults were also reported.[@R8] Similarly, in a randomised controlled clinical trial study (RCT) by Abete *et al*, participants in the low GI group lost a significantly greater amount of weight than their counterparts on high GI diets.[@R38] In prospective studies, the consumption of liquid carbohydrates was positively associated with weight gain, whereas the intake of solid carbohydrate food products was inversely related to higher weight gain.[@R39] In a cross-sectional study by Lin *et al*, a significant inverse association was found between total fibre intake and WC in a Belgian population.[@R43] Such inverse associations were also reported from a pooled analysis of three large cross-sectional studies in a Finish population.[@R44] Moreover, in a meta-analysis of 12 RCTs in overweight and obese adults, dietary fibre supplementation, compared with a placebo, reduced BMI, body weight and body fat.[@R45] In two epidemiological studies by O'Neil *et al* [@R46] and McKeown *et al*,[@R47] whole grain product consumption was inversely associated with BMI and WC.

The present study found slightly higher means for solid CHO-to-total CHO ratio and total fibre intake among participants classified under Q2 than those in Q3. This may explain the higher OR for general obesity in Q3 than in Q2. OR was also higher in Q5 than in Q4. What might have influenced these results is unclear; however, it may have been because the average dietary GI was higher in Q5 than in Q4.

The underlying mechanisms for the inverse relationship between dietary CQI and chance of obesity/overweight as observed in the current study cannot be conclusively addressed. However, it seems that individual components of CQI may have played a role. With respect to the influence of low GI in obesity development, there is evidence that low GI diets increase satiety with a corresponding decrease in voluntary food intake, thus reducing total energy intake, which is beneficial for body weight maintenance and may prevent obesity.[@R48] In contrast, the intake of a high GI diet causes increases in hunger and subsequently leads to the increased intake of food, thus potentially affecting energy balance and body composition.[@R52] Dietary fibres, on the other hand, have the capacity to delay intestinal transit, improve insulin sensitivity, and help modulate glucose and lipid oxidation, which are beneficial to body weight regulation.[@R53] Furthermore, they have the ability to prolong satiety, thereby reducing the chance of excessive dietary energy intake.[@R56] The potential mechanisms that could explain the relation to whole-grain consumption and prevention of overweight and obesity are mainly their effect on satiety and their capacity to slow down starch digestion and absorption, which may lead to lower glucose and insulin responses.[@R58] The consumption of dietary carbohydrate foods in their liquid or solid form may affect the chance of obesity by varying degrees. In general, liquid carbohydrates produce less satiety compared with solid carbohydrates, thus increasing the tendency of excessive energy intake,[@R60] a major risk for obesity.[@R62] Moreover, liquid carbohydrate diets such as sugar-sweetened beverages are often high in GI[@R18]; therefore, they have the potential to increase postprandial blood glucose levels and decrease insulin sensitivity while raising the risk of obesity and overweight.[@R64]

The present study has important strengths. To the best of the authors' knowledge, this study was the first to investigate carbohydrate quality in a broad fashion and its relationship with general and abdominal obesity in Africa. Necessary precautions were taken to enhance data quality during data collection and analysis. Despite these strengths, the study was not without some limitations. First, the sample size was relatively small. Second, due to the cross-sectional design of the study, the findings do not establish causality between CQI and obesity/overweight; therefore, the results ought to be interpreted with caution. Third, this study employed 24 hours dietary recalls for dietary intake assessment; thus, the misreporting of food items cannot be ruled out completely due to memory-related issues. Additionally, there was the chance for the under-reporting of foods perceived to be unhealthy and over-reporting of food items perceived to be healthy. There was also the likelihood that overweight participants under-reported food intake. Fourth, despite the fact that the data were controlled for some potential confounders, the effects of eating behaviour, menopausal status, genetic variations and residual confounding cannot be discounted. Fifth, the study period was relatively short; therefore, we cannot discount the possibility of the effects of seasonal variations in food intake. With these potential errors, the ideal relationship between CQI and anthropometric measures could be distorted.

Conclusion {#s5}
==========

The present study demonstrated that there is an inverse association between dietary CQI and chance for both general and abdominal obesity in women. These relationships remained significant even after adjusting for potential confounding variables. The present findings provide important information, which may be useful for carbohydrate nutrition planning in obesity and overweight prevention and management in Ghana and beyond.
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